High-intensity focused ultrasound (HIFU) and plasma radiofrequency ablation (PRA) have been used to treat recurrent allergic rhinitis (AR); however, there is a lack of literature comparing the efficacy of these 2 methods.
Background
AR is a form I anaphylaxis that is mainly released by Th2 cytokines. The interaction between genes and environment plays a major role in the occurrence of the disease [1] . The abundance of local infiltrating eosinophils in nasal mucosa cause rhinorrhea, sneezing, and nasal obstruction, and quality of life and work efficiency of patients are seriously affected. Although dexamethasone has been widely used in the treatment of AR, some patients have no relief of allergic symptoms [2] .
HIFU is currently mainly an effective and convenient method for tumor resection, using transient high temperature and other biological effects to kill cells when low-energy ultrasound is focused on the target area in the body [3, 4] . Lang et al. reported that high-intensity focused ultrasound had a similar effect as open thyroid lobectomy, but avoided neck scarring and was associated with shorter treatment time and hospital stay [5] . von Hardenberg et al. also found that targeted MRI/TRUS fusion-guided focal HIFU is effective in tumor resection of prostate cancer, with acceptable outcomes [6] .
In recent years, many reports have found that HIFU is an effective treatment for AR [7] . PRA is also used to reduce inferior turbinate hypertrophy n AR and it improves ventilation [8] . However, the difference between HIFU and PRA in treatment of AR has not been reported. Our study focused on the efficacy and complications of HIFU and PRA, providing a basis for clinical application.
Material and Methods

Patients
This study was approved by the Ethics Committee of West China Hospital (approval no. 201716A). All steps were conducted in accordance with the principles of the Declaration of Helsinki. Treatment with HIFU or PRA was assigned randomly on a 1: 1 ratio according to the date of application. These 2 groups of patients were fairly homogeneous in clinical findings. The diagnosis was built on allergy symptoms, nasal endoscopy, allergen test, and serum specific immunoglobulin E levels. Patients needed to halt any treatment of AR 30 days before receiving surgery. Inclusion criteria: male or female patients aged 18-75 years; diagnosis of AR; and treatment with glucocorticoid-based drugs lasted more than 12 weeks and was ineffective. Exclusion criteria were: asthma or upper respiratory infection; serious deviation of nasal septum; sinusitis; nasal polyps; any other rhinoplasty surgery was received before; any other treatments may influence the allergic rhinitis was received during the follow-up period; tumors, diabetes, and heart disease. Before any patient was recruited, we obtained sighed informed consent.
Surgery
All patients were told before surgery that they could choose either HIFU or PRA for treatment, and local anesthesia was performed in the nasal cavity after shielding the eyes. All procedures were performed by the same surgeon. Patients kept in supine position and received surgeries under mucosa surface anesthesia with tetracaine, and then nasal cavities were shrunk by adrenaline.
HIFU
The inferior turbinate was scanned by HIFU (Chongqing HIFU Technology Co.) as a straight line from the posterior tip to anterior tip. Beyond that, we also scanned from superior tip to the inferior tip to ensure that three-fourths of the anterior inferior turbinate was covered, and then the corresponding septum was scanned as a 'Z'. The scan speed was controlled at 4 mm/s. The treatment power was 1500 w. The time of turbinate and septum application was controlled at 150-250 s and 25-50 s, respectively.
PRA
The inferior turbinate was divided into 2 parts. A short leaf electrode was inserted 1.5 cm into the submucosa of the inferior turbinate for 10-s ablation until the mucous membrane appeared pale. Each part of the turbinate received ablation 2-3 times.
Epinephrine was administered for 30 min after both treatments. The nasal cavity was not filled with any hemostatic material.
Follow-up
All patients were followed up by the same surgeon, who did not know which type of surgery the patients had received. Patients underwent preoperative blood examination, nasal endoscopy, and allergen examination; they received nasal endoscopy at 1 and 2 weeks after surgery to remove scabs and secretions at the surgical site; then we observed nasal mucosa recovery at 1, 3, 6, and 12 months after surgery. VAS score was used to assess the severity of nasal obstruction, nasal discharge, and sneezing (0-10 cm line). VAS score (0-10) was also used to assess pain 1 week after surgery. The quality of life survey uses the RQLQ (0-6), an evaluation system used to measure functional impairment related to allergic rhinitis, with 28 questions in 7 areas: activity, sleep, non-nasal or eye symptoms, actual problems, nasal symptoms, eye symptoms, and emotions, which has long been used in clinical evaluation of patients with allergic rhinitis [9] . Previous studies have shown that RQLQ is useful in accessing different areas of injury in patients and in fully understanding the impact of disease on patients [10] . In addition, its self-managing measurement features make clinical work easier.
Data analysis
All statistical analyses were done using SPSS 21.0 (SPSS, Inc, Chicago, IL). The paired t test was used to compare preoperative and postoperative VAS score. Mann-Whitney tests were utilized to detect differences between different groups of indicators. The differences in patient characteristics between the 2 groups were compared by chi-square test. P value <0.05 was considered to be statistically significant.
Results
The study included 66 AR patients who visited the West China Hospital of Sichuan University from June 2016 to February 2018. The mean ages of patients in the HIFU and PRA groups were 44.42±14.19 years and 42.21±12.15 years, respectively (p=0.773). The HIFU and PRA groups included 34 females (18 vs. 16 years, respectively) and 32 males (15 vs. 17 years, respectively) (p=0.622). The durations of disease in the HIFU and PRA groups were 4.61±1.71 years and 4.45±1.53 years, respectively (p=0.894), and the numbers of patients with history of treatment with traditional chinese medicine, glucocorticoid, and other therapies were 14 (6 vs. 8, p=0.547), 66 (33 vs. 33, p=1.000), and 61 (31 vs. 30, p=0.642), respectively ( Table 1) . None of the patients in our study had significant postoperative nasal bleeding during the follow-up period.
As shown in Figure 1 , endoscopic sinus examination showed that HIFU and PRA reduced the volume of the inferior turbinate and increase nasal ventilation. However, the lower turbinate became more edematous with longer time of followup. Importantly, compared with HIFU, patients receiving PRA therapy had a larger amount of clear water-like secretions on endoscopy.
The VAS scores also showed that the symptom of nasal obstruction was significantly reduced during postoperative follow-up in both groups (P<0.05) ( Table 2) . However, the postoperative VAS scores for nasal discharge and sneezing in the HIFU group were significantly lower than preoperative scores (P<0.05). PRA treatment had no significant effect on the above indicators, which was not significantly different from preoperative scores. Postoperative pain scores were significantly lower in the HIFU group than in the PRA group (P<0.05) (Table 3) . However, the scores of both groups showed a similar trend, with the highest pain scores in the first month and decreasing with longer time of follow-up.
RQLQ results showed that postoperative activity, sleep, and non-nasal or eye symptoms were significantly lower than preoperatively in both groups (P<0.05) ( Table 4 ). In addition, there was no significant difference in eye symptoms scores between the 2 groups during the follow-up period. It is worth noting that scores for actual problems, nasal symptoms, and emotions in the HIFU group were significantly lower than in the PRA group (P<0.05).
Discussion
AR is a local inflammatory infiltration caused by the release of a variety of inflammatory mediators caused by allergens [7, 11] . Its clinical symptoms include nasal obstruction, nasal discharge, and sneezing, which seriously affect patients' work and sleep. Invasive therapy may be an option for patients with no significant response to medications, including antihistamines, antileukotrienes, and glucocorticoids. Our study found that both HIFU and PRA significantly reduced inferior turbinate volume. We found that HIFU had greater effectiveness in reducing the symptoms of AR patients compared with PRA, and that HIFU was more effective in decreasing postoperative pain compared with PRA.
HIFU is a treatment tool that focuses low-energy ultrasound on the lesion site, causing coagulation necrosis of tissue, which could be widely use in a variety of cancers [12, 13] . In recent years, HIFU has been gradually accepted in the treatment of AR. Wei et al. found that HIFU reduces symptoms of AR and reduces the recurrence rate [7] . Cheng et al. also found that 
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HIFU has an obvious short-term curative effect on AR, and it is more convenient and less complicated than other treatment methods [14] . It has been reported that the effect of HIFU in the control of AR symptoms is similar to that of oral administration of corticosteroid nasal spray combined with cetirizine hydrochloride [15] . PRA has long been recognized as an effective treatment for nasal obstruction of turbinate hypertrophy [16, 17] . In addition to effective protection of the nasal mucosa, PRA also significantly improves olfaction, decreases nasal resistance, and produces subjective benefits [18] . The results of a randomized placebo-controlled trial showed that PAR has a beneficial therapeutic effect on patients with turbinate hypertrophy [19] . Studies have shown that PAR substantially reduces the clinical symptoms of AR without affecting the cilia of the inferior turbinate [20] .
However, the differences between the effects of HIFU and PRA on AR have been poorly documented. In our study, both HIFU and PRA significantly reduced the volume of the turbinate and enhanced nasal ventilation to relieve the symptoms of nasal obstruction, which is consistent with previous studies. Interestingly, our endoscopic results suggested that postoperative nasal mucosal edema and secretions in patients treated with PRA were more severe than in those treated with HIFU, especially after 6-month and 12-month follow-up. Most importantly, HIFU significantly reduces allergic symptoms of nasal secretions and sneezing compared with PRA.
Although PRA is a minimally invasive procedure, the risk of postoperative bleeding and pain is unavoidable. However, HIFU significantly reduces these complications. In our study, postoperative pain was most pronounced on the first day after surgery, and then decreased gradually over the following 6 days, which was related to the invasiveness of PRA. Due to the submucosal ablation caused by PRA, postoperative scab formation is inevitable, which also increases the time of wound cleaning and mucosal recovery. Our RQLQ results suggested that there was a significant difference in nasal symptoms between HIFU and PRA, and this treatment effect led to a similar trend in the scores of actual problems and emotions. However, these differences in treatment effects did not significantly affect patient activity, sleep, and non-nasal or eye symptoms. Our findings suggest that patients' mood and physical problems are significantly affected by nasal mucus and sneezing, and that improvement in nasal obstruction improves sleep and activity.
The instantaneous high temperature generated by HIFU denatures the tissue, leading to coagulative necrosis, and the free radicals generated also promote the decomposition of cells at the same time. In addition, high-amplitude mechanical waves inactivate cells, and chemical reactions of chemical components in the membrane structure under the action of high-energy ultrasound also promote cell death [21] [22] [23] . When energy is concentrated in the submucosa of the nasal cavity, the death of immune cells reduces the release of cytokines and inflammatory mediators. The necrosis of glandular tissues decreases the glandular secretion of nasal mucosa; HIFU can also destroy deep parasympathetic ganglion cells and fibers, thereby reducing the excitability of cholinergic nerves and inhibiting the release of vasoactive peptide; and coagulative necrosis of the submucosal vascular network leads to vascular atresia or thrombosis, which reduces plasma exudate and edema of the nasal mucosa [7, [24] [25] [26] [27] . It should be noted that gland swelling and tissue necrosis caused by HIFU treatment may lead to an increase in short-term inflammatory responses, and blood vessel swelling may also lead to increased secretions [27] .
With PRA, ablation of the turbinate increases the space for nasal ventilation and reduces nasal obstruction, which improve sleep quality. Gunhan et al. reported that radiofrequency turbinoplasty significantly reduces nasal obstruction in patients with persistent AR compared with intranasal steroids [20] . Contrary to our findings, some studies have suggested that radiofrequency turbinoplasty significantly reduces nasal and ocular hypersensitivity in AR patients [28, 29] . The mechanism may be related to the reduction of turbinate volume, which reduces the surface area of allergen contact, while scar formation occludes the submucosal small blood vessels and destroys the submucosal glands [2] .
It is worth noting that although HIFU has an obvious effect on allergic rhinitis, we found that the VAS scores and RQLQ scores showed an increasing trend with longer follow-up. Cheng et al. found that the effective rate of HIFU in the treatment of allergic rhinitis reached 97.2% in the follow-up period of 2-6 months, but did not indicate whether there was recurrence [14] . The results of Wei et al. also suggested that the nasal symptom scores at 1-year follow-up of AR patients were higher than at 3-month follow-up of AR patients, but no patients underwent reoperation [7] . During the 12-month follow-up period, none of the HIFU patients showed any signs of recurrence, although the long-term efficacy was not as satisfactory as the shortterm outcome. These results may be related to glandular hyperplasia, capillary regeneration, and nerve repair. If patients receiving HIFU relapse, we recommend using dexamethasone and HIFU to control the symptoms of AR, which may be more satisfactory than the efficacy of HIFU alone, but these scenarios require more experimental studies in the future to confirm.
This study has some limitations. Firstly, the different methods of treatment and patient psychology may have produced subjective bias in scoring. Secondly, the limited sample size may have reduced the credibility of the results, and larger studies may be needed to confirm our results in the future. In addition, our comparisons of HIFU and PRA relied on endoscopic observation and subjective ratings, and we did not assess pathological changes, which should be evaluated in further experiments.
Conclusions
Our study showed that both HIFU and PRA alleviated the symptoms of nasal congestion, but HIFU was more effective in reducing the symptoms of runny nose and sneezing in patients with nasal congestion. In addition, HIFU was associated with lower postoperative pain than PRA. Therefore, compared with PRA, HIFU is a better choice for the treatment of refractory AR.
